Although bone marrow transplantation (BMT) has become standard therapy for many life-threatening disorders of childhood, there is little research on the psychosocial impact of BMT on siblings of children undergoing BMT. Such siblings face issues common to any family with a chronic illness. However, the psychological impact on the family is intensified because two family members, usually children, are subjected to intrusive medical procedures. Investigators had earlier noted that sibling donors may be at risk for behavioral problems and anxiety, while nondonors may experience ambivalent feelings of disappointment and relief. It was suggested that psychosocial stages of BMT may parallel the medical transplant process, with high levels of stress experienced pre-BMT, during hospitalization, and postdischarge. Our own group has recently conducted more systematic investigations on the psychosocial effects of BMT on donor vs nondonor siblings of surviving pediatric BMT patients. We found that sibling donors showed significantly more anxiety, lower self-esteem, and more adaptive skills in school than nondonors. Nondonors, on the other hand, showed significantly more school problems. One third of the siblings in each group reported a moderate level of post-traumatic stress. Taken together, our research indicates that BMT affects the life of the child at home and at school and that posttraumatic stress symptomatology is a component of the psychological reaction in siblings. The psychosocial adjustment of siblings is a critical area of investigation in BMT populations. Parents need to know that the BMT process affects every member of the family system, and both parents and professionals need to direct more emotional support and attention to siblings. Studies are needed that focus on interventions designed to reduce levels of sibling psychosocial maladjustment. The psychosocial developmental model of posttraumatic stress disorder is a viable theoretical model that may be used to guide future research.
Bone marrow transplantation (BMT) has emerged as the treatment of choice for many malignancies, hematologic disorders and genetic disorders of childhood. Approximately 75% of the children who have bone marrow transplants each year receive marrow from a sibling. (The data presented here were obtained from the Statistical Center of the International Bone Marrow Transplant Registry. The analysis has not been reviewed or approved by the Advisory committee of the IBMTR.) Some attention has been paid to the psychosocial effects of transplantation on BMT patients, but minimal attention has been given to psychosocial sequelae in siblings of BMT recipients. The healthy siblings of children undergoing BMT live the intense stress of the illness. The impact on the family unit is intensified because two family members, usually children, are subjected to invasive medical procedures. Because the patient must be hospitalized in isolation for a prolonged period until hematopoietic recovery, siblings are often separated from both parent and patient.
Because of the potential risk to siblings, we recently devoted a major effort to examine the psychosocial effects of BMT on donor and nondonor siblings. [1] [2] [3] Systematic studies on the nature and frequency of disturbances among siblings had not been done prior to this work.
In this review, we shall systematically explore: (1) psychological issues involving siblings of chronically ill children; (2) the psychosocial stages of BMT; (3) psychological literature on siblings of pediatric BMT patients; (4) theoretical and conceptual issues; and (5) intervention strategies and future research.
Siblings of chronically ill children
Research findings on the psychological adaptation of siblings of chronically ill children suggest that the presence of a child with a chronic illness in the family may place siblings at risk for psychological difficulties. Most empirically-based group comparisons examine rates of psychological or behavioral problems among unaffected siblings. [4] [5] [6] [7] [8] This research has uncovered adverse psychological outcomes, including increases in aggressive behavior, poor peer relations, anxiety, somatization, and depression. In these studies, information is generally derived from maternal report alone. Sibling self-report measures have been used infrequently.
Other investigations have provided information on the breadth of issues faced by siblings of chronically ill chil-dren. Siblings have expressed concerns such as loneliness, 9 social isolation, 10 lack of family support, 11 resentment of the added attention the child receives, 9,12 jealousy, 13 low self-concept, 11 increased anxiety and negative body image. 10 Taken together, the available research suggests that chronic illness is a stressor that may increase the subjective sense of stress on the part of healthy siblings and, in some instances, increase psychopathology and decrease psychological competencies. 14 In most of the above studies, the focus has been on identifying the potentially negative aspects of the illness, per se, on healthy siblings. More recent studies have moved away from this deficit-centered perspective and paid greater attention to the sibling relationship. Siblings derive a great amount of mutual benefit from one another. They educate and socialize each other, mediate parental attention and provide a peer-like context for emotion and power negotiation. 15 Sibling relationships are among the most important precursors to peer and later adult relationships. 16, 17 The quality and nature of the sibling relationship may have a unique influence on the coping of well siblings. 17 By way of example, to the extent that the sibling and family relationships are close, the experience of a sibling's illness could conceivably enhance psychological resilience.
14 The nature of sibling psychological adaptation may depend less upon illness-related stress per se than upon family relationships and environment, and the relationships among physically healthy and ill siblings. 
Psychosocial stages of bone marrow transplantation
The psychosocial stages of BMT can be viewed in parallel with the medical transplant process. [18] [19] [20] During the pretransplant stage, the family makes the decision to proceed with BMT. This decision is often made against a backdrop of diminished treatment options and involves a great deal of anxiety. 20 BMT may involve moving the entire nuclear family to another geographic location, resulting in separation from extended family and friends.
The second stage is the transplant countdown. Entering the protected environment of the BMT room is often perceived as a dramatic point of no return. The conditioning regimen is harsh for the child to undergo and for the family to witness. The infusion of the child's own treated marrow or that of the donor tends to be anti-climactic for parents. They sometimes comment on how innocuous the transplant procedure itself seems. 20 Post BMT, the period of waiting for the marrow to engraft is highly stressful. 20 The proximity of death is the major psychosocial stressor for the patient and family. 18 When the transplant has been successful, there is preparation for the child's discharge. Leaving the protective environment of the medical center brings joy, and also some letdown that the patient is not completely well. Parents are often fearful about their total responsibility without the support of the medical and nursing team. 20 
Studies on siblings of pediatric BMT patients
In the psychological literature which has expressed concern for the psychological impact of BMT on siblings, investigators have noted that siblings in general tend to suffer from emotional problems as a result of the illness. 21 The donor selection procedure was thought to establish a new relationship between the siblings and affect the entire family system. 21 At the time of tissue typing, siblings may compete for the role of donor, causing nondonors to feel excluded. 22 Nondonor siblings experience ambivalent feelings of both disappointment and relief, and may express guilt about these feelings of relief. 21 Wiley et al 21 suggested that the relationship between donor and recipient can change towards increased intimacy between the two. Rappaport 23 noted that the success of the transplant depends, in part, on the histocompatibility of donor and recipient; thus, the donor often perceives failure of engraftment as a case of 'my marrow wasn't good enough.' The donor may also develop irrational guilt feelings. 24 Potentially serious psychological reactions may result from the loss and replacement of bone marrow. In the view of Pinegger-O'Connor and Bender-Gotze, 25 sibling donors experience the donation procedure as 'an act of robbery' and a 'threat to body integrity.' The school-aged child, who is in the process of developing a self-concept, is particularly vulnerable to questions of altered identity.
21,26 Kinrade 26 noted lowered self-esteem and increased anxiety in three 8-year-old donors. Pot-Mees and Zeitlin 27 found that one third of the siblings were at risk to develop behavioral problems during the treatment period. New behavior problems occurred far more frequently among sibling donors than among the other siblings: 'the intervention seemed to have a psychological impact on them.' Despite the possible magnitude of risk, siblings were not later included in the main study of Pot-Mees. 28 We recently published a sibling study which was the first systematic investigation of the psychosocial consequences of BMT in donor and nondonor siblings. 1 We addressed a fundamental question: how do donor siblings compare with nondonor siblings on quantitative measures of behavior, psychological distress, and sense of self? We also explored the relationship between independent variables (stressor, sibling characteristics, social environment) and the siblings' current psychosocial adjustment. Using a multidimensional, multimethod approach, we assessed and compared the psychosocial adjustment of donor siblings with nondonor siblings on multiple measures completed by the child, one parent, and one teacher. On self-report measures, sibling donors reported significantly more anxiety and lower selfesteem than nondonor siblings. On teacher-rated scales, donors showed significantly more adaptive skills in school, than nondonors. On these same scales, nondonors showed significantly more school problems than the donor group.
In the area of post-traumatic stress, approximately one third of the siblings in each group reported a moderate-tosevere level of post-traumatic stress. Finally, a majority of adolescent donors showed developmental stress resulting from inadequate resolution of Eriksonian developmental stages, whereas none of the nondonors showed any inadequate resolutions.
Our exploratory multiple regression analyses suggested that certain sibling characteristics may influence the emotional adjustment of nondonors (gender, age, and experience of the stressor). For donors, the analyses suggested that certain characteristics of the stressor may influence self-image (patient's disease category).
We also reported findings from semi-structured interviews with siblings and parents. 2 A number of major themes and patterns emerged. (1) Both donor and nondonor siblings felt that the most stressful part of BMT was when their brother or sister first became sick. (2) Sibling donors felt they had 'no choice' and wanted to be more involved in the donation decision-making process. (3) Donors experienced considerable loneliness following donation. (4) Following BMT, the patient and donor sibling developed a closer bond. (5) Siblings felt there was minimal explanation of the BMT process. (6) Donors reacted to the stresses of BMT and parental inattention by withdrawing and keeping their feelings to themselves, whereas nondonors reacted with externalizing behaviors (attention-seeking acts in school, sharing feelings with others).
As part of our study, we used the kinetic family drawingrevised (KFD-R) 29 to measure siblings' feelings and attitudes toward the BMT experience. The KFD-R is an ageindependent, objectively structured instrument that can be used with children 6 years and older. The scoring system was devised to preclude the tendency to overinterpret drawings and to make the instrument an objective, easily replicable measure. 29 Areas of concern measured by the KFD-R include family communication, self-image, emotional tone, and overall family support. The data from the sibling drawings underscored that not all children are affected by stress in the same way. 3 How a particular child responds to an extraordinary stressor such as BMT depends on numerous factors including temperament, medical history, emotional development, resilience, peer and family support. Although many children contend successfully with life events, others may fall prey to psychopathology or have an unfavorable outcome.
Theoretical and conceptual issues
Many studies in pediatric psychology lack an explicit attention to developmental issues or to theoretical paradigms. We used a conceptual framework that drew upon Eriksonian 30 developmental theory and the psychosocial model of post-traumatic stress. 31 Erikson 30 viewed development as a process of transformation through eight age-related psychosocial stages characterized by specific opportunities, demands, and vulnerabilities. The process of human development involves an interplay between genetically based aspects of personality and the influences of family and culture that shape the personality.
In Eriksonian theory, each psychosocial stage is characterized by a conflict that has two opposing possible outcomes. If the conflict is resolved in a satisfactory manner, the positive quality becomes part of the ego and healthy development is enhanced. However, if the conflict is resolved unsatisfactorily, the negative quality is incorporated into the personality structure, interferes with further development, and may manifest itself in psychopathology. 32 According to Erikson, the crisis of trust vs mistrust characterizes infancy and the infant's need for a predictable and relatively consistent form of interaction with others. In the play age, children learn varying degrees of self-control through language acquisition, motor coordination, and more sophisticated interpersonal relationships. The issue is between becoming an autonomous, creative individual and an inhibited individual filled with self-doubt. 32 By the age of 5 years, the child builds on his or her autonomy to engage in more self-initiated activities that build a sense of self-esteem. The psychosocial conflict is the development of a sense of initiative vs a sense of guilt. During the school years, developing cognitive capacities enable the child to broaden the basis of personal and social competence through advanced learning. The task is the development of a sense of industry vs the emergence of feelings of inferiority. With adolescence, there is the need to establish an identity unique to oneself and apart from the earlier identifications acquired during the formative years. 33 The psychosocial conflict is a sense of identity vs identity confusion.
Erikson's approach is grounded in developmental psychopathology, a perspective which examines the evolution of psychological disturbances in the context of development. Erikson provides a theoretical framework for understanding why an extraordinary stressor such as bone marrow transplant (BMT) can have its particular effect on a child's later life.
Building on Eriksonian theory, Green et al 31 suggested a psychosocial model for understanding post-traumatic reactions, with a focus on the interaction of traumatic stressors, individual characteristics, and the social environment in which the trauma is experienced and in which the patient recovers. The interactional model set forth by Green et al is widely accepted in the field and is considered a general model applicable to all traumatic experiences. 34 Within this model, the first concept is the nature of the stressor. Green et al note that the specific characteristics of the traumatic experience are important in relation to long-term response. Crucial elements include the severity of stressor and the duration of trauma. A second component of the model is individual characteristics, such as age, cognitive appraisal (specific meaning), and pre-trauma personality. Another component of the psychosocial model is the recovery environment. If a person is in a favorable social recovery environment, the possibilities of working through the trauma are enhanced. The model seeks to account for the fact that certain persons exposed to trauma experience a pathological outcome or maladjustment whereas others experience growth or restabilization.
Our study drew upon the theories of Erikson and Green et al and used a psychosocial-developmental framework to conceptualize the effects of the stressor of BMT on sibling donors and nondonors. As in the model of Green et al, our psychosocial-developmental framework of post-traumatic stress disorder utilized an individualistic perspective. That is, it explains a sibling's (donor or nondonor) psychosocial adjustment to BMT. The literature on traumatic stress in children presents a wide range of stressors, including sniper attacks, diverse disasters, and developmental transitions, as precipitating events of a post-traumatic stress response in children. Studies on children's responses to stressors such as medical and surgical procedures have suggested that involvement in BMT could generate a traumatic stress response in siblings. 28, 34, 35 Accordingly, our psychosocialdevelopmental model considered the factors which may influence post-traumatic stress responses. These factors include characteristics of the stressor, individual characteristics, and social environmental factors.
The application of this theoretical framework to the psychosocial adjustment of siblings of pediatric BMT patients is depicted in Figure 1 . Within this framework, the primary sequence is the occurrence of a stressor 31 or traumatic event, viz., the BMT experience. The stressor leads to cognitive processing which, in turn, leads to a final positive or negative outcome, which constitutes the sibling's psychosocial adjustment. A sibling's psychosocial adjustment depends on the interaction of characteristics of the stressor, individual sibling characteristics, and social environmental factors.
The psychological literature concerning siblings of pediatric BMT indicates that the psychosocial adjustment of siblings is a critical area of investigation with BMT populations. Our work suggests that the psychosocial developmental model of post-traumatic stress disorder is a useful, viable theoretical model in such research and may be used to guide and organize different research efforts. It may be fruitful to explore further the relationship between variables -nature of stressor, sibling characteristics, social environment -and psychosocial adjustment in a sufficiently large sample with satisfactory power for multivariate procedures. 
Major conclusions
A result with major therapeutic implications was our finding of post-traumatic stress symptomatology in both donor and nondonor siblings. 1 For donor siblings, BMT involves the psychological shock of a surgical intervention followed by ongoing stresses. In our study, five out of 21 donor siblings, reported a moderate level of traumatic stress reaction, and two reported a severe level of symptomatology. Nine donors reported mild traumatic stress reaction.
Although the nondonor sibling is not subjected to an intrusive medical procedure, the child experiences the stressor of having one and possibly two family members (patient and donor) involved in BMT. The nondonor sibling's vicarious experience is captured by Terr's 36 concept of 'contagion' which refers to the 'catchiness' of post-traumatic symptomatology among children and families. The finding of comparable levels of traumatic stress in both groups is also consistent with a broadened view of exposure suggested by Schwarz and Kowalski, 37 viz., that children's reactions to a traumatic event may vary depending on 'what they felt, rather than where they were.' In our study, seven of the nondonor siblings had a moderate level of traumatic stress reaction, and 11 reported mild traumatic stress reaction.
It is important to point out that the sibling interviews took place after BMT (ranging from 3 months to 6 years after BMT). They did not take place during the BMT treatment procedure itself, which is the most stressful time for the family. Even with the delay in assessment, the results indicate that many siblings in our study had moderate or severe post-traumatic stress reaction. This represents a high rate of continuing reaction to the BMT process, and given the delay in assessment, may underestimate the initial impact of the traumatic event.
Moreover, while the differences between nondonor and donor siblings were significant, individual children vary in their responses to the traumatic experience, and attention needs to be paid to those individual differences as well.
Intervention strategies
Taken together, the above research indicates that BMT affects the life of the child at home and in school. Parents should be informed that the BMT process affects every member of the family system and that donors react differently to nondonors. Professionals can begin to develop and target interventions, and sensitize both families and teachers about expected sibling reactions to BMT.
Based on our findings, it would be beneficial for child life workers to 'prep' the sibling over time as opposed to a one-time preparation. For donor and nondonor siblings, it is recommended that consistent interviews and opportunities to talk be provided post-donation and post-BMT.
The siblings' experiences suggest that parents and professionals need to direct more emotional support and attention to siblings. Mental health professionals can counsel parents about the importance of attending to siblings' concerns early in, throughout, and after BMT. Families need to be told what programs, therapies, or modes of emotional support are available. Virtually all of the interviewed siblings and parents encouraged open discussion of emotional issues and felt that sibling support groups would be helpful. Indeed, the UCSF BMT staff has recognized and responded to the needs of siblings by providing increased emotional support on a consistent basis throughout the BMT process. Importantly, parents need to know that the BMT process affects every member of the family system: scheduled attention to every family member is a key principle of good preventive emotional care during BMT.
Future research
Longitudinal studies are needed that compare the psychosocial adjustment of siblings before BMT and at various time intervals following BMT. There is a need for the staff to assess sibling psychosocial adjustment during all stages of the BMT process. In addition, sibling adjustment needs to be monitored during the patient's regular follow-up visits. This is especially important given that several siblings in this study reported high levels of traumatic stress reaction several years post-BMT.
In spite of the short-and long-term psychological impact of BMT procedures on siblings, there have been no controlled evaluations of psychological interventions designed specifically for siblings. Psychological research is needed that focuses on interventions designed to reduce levels of sibling psychosocial maladjustment. Psychological interventions that are effective in reducing post-traumatic stress symptomatology in this vulnerable population are needed. It is hoped that an early mental health intervention will enhance effective coping strategies and prevent maladaptive resolutions. In this connection, another area that warrants further study is the psychosocial impact of BMT on siblings of pediatric patients who have not survived.
Whereas Sargent et al 38 reported that families and professionals may be becoming more skilled at informing siblings about cancer and its treatment, the siblings in our study reported lack of information about BMT. Siblings require age-related information and preparation. Parents and professionals need to provide siblings complete information about the patient's illness, prognosis, treatment plans, and the sibling's role in the BMT. Importantly, parents need to discover ways in which donor and nondonor siblings can play a meaningful role in the patient's treatment.
